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1. EXECUTIVE SUMMARY

This report documents the results of a research project of several years duration which
employed a structured case study approach to examine the history and processes that had
resulted in the introduction of a number of technology-based Army systems in time to make a
positive contribution to the outcome of Desert Storm. Volume II of the report contains the 15
case studies that were developed on systems ranging from the M829A1 “silver bullet” to the
GUARDRAIL Common Sensor and the APACHE attack helicopter.

The case studies were developed through the use of structured interviews with key
participants from the government/contractor team that developed each system. In addition to
the case studies, this process resulted in collection of a common set of data for the systems
studied which could then be analyzed to identify factors contributing to successful system
development. The results of this analysis are contained in (this) Volume I of the report. Two
of the 15 case studies examined systems which might have been useful on the battlefield
(based on the views of Army technical leaders), but that failed to successfully complete
development. The intent of including failures in the research was to provide a basis for
distinguishing factors which contributed to both successful and unsuccessful system
developments. While they are useful for the qualitative lessons they offer, two cases are
inadequate for quantitative analysis and most analysis focuses on the 13 successful cases. It is
therefore an assessment of contributors to the relative degree of success.

All 15 systems studied are listed in Table 1.1, which follows on the next page. For each
system, this table also contains information on the duration of the development phase of the
program and a summary of the project manager’s description of the most difficult problem
encountered. It is interesting to note that lack of sustained user support for the requirement the
system was intended to satisfy was mentioned as the most difficult problem for the two
failures, but user-related issues were not identified for any of the successful development
cases.

The heart of any systematic study is the definition of a common outcome measure that
allows comparison. The obvious path was to compare the projects and systems based on their
performance relative to their agreed upon goals and requirements. Each project had a budget,
a systems procurement cost goal, a set of technical requirements, and completion dates. In
addition, three questions of performance are immediately observable and easily remembered
by project managers: Did the system go into production? Once production was started were
problems found that required that further engineering changes be made? And did the system
perform well in its use in Desert Storm? Structured questions were used to ask the key
government and industry interviewees about how well their projects performed in these areas,
with a range of answers that characterized how badly the projects had missed meeting their
objectives, if they had not been completely successful.

Six of the outcome measures mentioned above were used to create a scale that scores the
(system) projects from zero to six according to the number of key outcomes a project
achieved. If a project was (1) transitioned to production on time, (2) developed within
budget, (3) had no late engineering changes, met both (4) the goals for system unit costs and



(5) its technical requirements, and encountered (6) no difficulties when it was deployed in the
field, it was awarded (the maximum) six points. These results also appear in Table 1.1.

System/case Decvclopment PM'’s most difficult problem | Key outcomes
duration (months) achieved (0-6)
APACHE attack helicopter 108 Control of production costs; 1
influenced by integration
plant location choices
TADS/PNVS (target ~36 Cost growth in dcvelopment 3
acquisition and
designation/pilot’s night
VISION systcms)
MLRS rockct system 33 Establishing and managing 6
four nation cooperative
development program
ATACMS missilc system 3¢ Key vendor went out of 6
busincss
M40 chemical protective ~48 Immaturity of critical 2
mask technologies
Dismountcd microclimate Not applicable Lack of stable user Not applicablc
cooler requirements due to
Note: Did not enter full immaturity of technology
development
Mountcd microclimate ~24 Key vendor failed to support 5
cooler integration schedule
M829-A1 armor-piercing ~36 Achieving needed 6

kinetic energy tank

innovation in system dcsign

ammunition
FOG-M (fiber optic guided Not applicable; Lack of sustained user Not applicable
missile) support
Note: Did not complete
development
TOW-2A (Tube-launched 48 Stability of threat armor 3
missile) requirements
AN/TAS 4 infrared night ~24 Selcction of unqualified 4
sight vendor and split
management responsibility
Joint Stars Ground Station 105 Cost and schedule ]
growth/delivering complex
software
Guardrail common sensor ~24 Complexity of integration of g
mission equipment
PAC-2 (PATRIOT anti- ~52 Early ficlding to mect 2
missile system) SCUD missile threat
HELLFIRE missile system ~84 Advcrsarial relationship 3

betwcen key vendor and
prime

v e - W e E .

Table 1.1 — Summary case information

Standard statistical analysis procedures appropriate for this number of cases and type of
data were used to identify and evaluate correlations between the factors studied and the
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several outcome variables, and, in some cases, among the factors. The results of these
analyses are summarized in Table 1.2. The testing/simulation and technology maturity factors
were included because of their identification in recent Government Accounting Office studies
as key determinants of success.

Factor Relationships Found/Comments
1. Project team characteristics and
practices:
--leadership Team leader’s perceived ability to obtain resources, his/her breadth of

experience and ability to resolve technical issues all are positively
related to reduced engineering changes during production and
completing devclopment within budget

--staffing Low turnover in key project team mcmbers rclates positively to
completing development within budget, to meeting system unit cost
targets and to achieving system performance objectives

2. Rolc of government S&T Army labs/centers were typically actively involved in both pre-
organizations development and development phases; actively involved in both
successes and failures; and actively involved in both short and long
devclopments

3. Testing and simulation Validating component and system maturity at the right time in the
approach program relates positively to completing development within budget.
to mecting system unit cost targets and to successful performance in
the field. The quality of the testing and simulation conducted relates
positively to reduced engineering changes during production and to
meeting systcm unit cost targets.

4. Importance of stability:

--funding Funding uncertainty was related to increased turnover in key project
tcam members and the nced to dcal with changes in testing plans and
other project structure issues

--systcm requirements Changes in system requirements, particularly during the middle of
development, relate to an increase in late enginecring changes and
negatively to project success in meeting its goals for systems costs.

--key user (TRADOC) Changes in key TRADOC personnel during devclopment relates to
personnel less successful performance in the field
5. Timely communication of Ncarly all cases dcscribed timely communication of problems from
problems contractor to government PM and from government PM to Army
leadership.
6. Importance of technology Maturity of critical technologies used in systems studied, as measured
maturity (TRLs) by TRLs, was similar to that found in previous study of small

electronics projects. No positive correlation found between higher
TRLs at the start of development and most outcome variables

Table 1.2 - Summary of significant relationships

Several of the statistically significant relationships involve factors that are related to the
stability of the program. When key members of the project team left the program too early,
project outcome suffered. Further, both project funding cutbacks and project team turn-over
negatively correlated with the quality of the testing program and the timeliness of key test
events. These two attributes of the testing program also had the strongest correlation with
project outcomes. In addition, changes in systems requirements during development



correlated with poor project cost performance, and, finally, turn-over in key user
representative personnel correlated negatively with system performance in the field.

Taken together, these several relationships strongly suggest that stability of program
resources and objectives is a very powerful influence on the relative success of the project. In
reflecting on this array of instabilities that could impact a system development, it became
clear that they had at least one thing in common: The longer a system stayed in development,
the greater chance it had to experience one or more of these program destabilizing events. Or,
stated another way, shorter system development cycles should result in better project
outcomes. When this hypothesis was tested by examining the correlation between the system
development durations and the aggregate outcome scale (See the data in Table 1.1), a strong
correlation was found. A central conclusion from this study is therefore that shorter
development cycle times favorably correlate with key project outcome variables, largely by
minimizing the exposure of the project to destabilizing influences which have also been
shown to correlate negatively with these same outcome variables.

Whether or not a change to selecting projects with shorter development times 1s made, the
Army could do more to stabilize the guidance and resources given to both shorter and longer
development projects. Acting alone, the Army could do more to map rotating personnel
assignments and other sources of TRADOC change to project development cycles. It could
eliminate all but the most critically important changes in systems requirements once projects
move beyond early development since it appears that, as widely believed, such changes will
almost certainly hurt project performance. Through contracts and informal management
practices, the Army could work with its contractors to provide better continuity of
development project staffing.

The defense acquisition community has long recognized that lengthy systems
development times are disadvantageous. Sometimes the associated negatives have been
phrased in program instability terms and this study certainly provides a strong empirical
support for those who hold these beliefs. Over the years a number of initiatives have been
attempted to shorten development cycles, with limited success where complex systems were
involved. The current approach is referred to as “spiral development”; its basic concept is to
get a useful, if limited, capability in the field quickly and then introduce additional
technology-based capabilities through further “spirals” of development. This approach
appears to be in keeping with the implications of this study’s central conclusion.
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2. INTRODUCTION

Background

Desert Storm was one of the most remarkable military conflicts ever fought. Its uniqueness
is found in its one-sidedness: what could have been a protracted small war against an Iraqi
force of 600,000 troops was concluded in 17 days of ground combat, with only 36 troops lost
to enemy action. This was an historic triumph of training, organization, logistics and
technology. In the specific case of the US Army, a number of new military systems,
incorporating sophisticated technology, made their first significant battlefield appearance in
Desert Storm.

This research project focuses on the process that brought that technology to the battle field
in order to develop insights for planning and organizing for the continued generation of
technology-based systems. In this first decade of the 21* Century it is evident that the system
of defense laboratories, contractors and technology programs that produced Desert Storm’s
technology is being fundamentally changed. The end of the Cold War, the current focus on
the Global War on Terrorism, and the perceived absence of other significant military threats
to the security of the nation are, to some significant extent, resulting in the dismantling of the
organization and process of U.S. defense technology development that produced the success
of Desert Storm.

This work took advantage of a window of opportunity. Desert Storm is now distant enough
to allow perspective, and to enable the use of widely known information about technologies
that were previously classified. At the same time, its history is recent enough that the key
players in the development of this technology are still available to provide their recollections
and insights. New research can now examine the development of military systems used in
Desert Storm to provide insight into the keys to success and failure at that time, capturing
lessons that might inform the management of Army technology development in the future.

Research Methodology

As noted above, the basic intent of this research was to examine the history and processes
that had resulted in the introduction of a number of technology-based Army systems in time to
make a positive contribution to the outcome of Desert Storm. In order to be able to examine
as many different systems as possible within the constraints of the funding available for the
study, the authors proposed that a significant portion of the work would be performed using
“free labor”; experienced defense personnel enrolled in military and academic institutions
would execute the data collection portion of the research (as the subject for a thesis or
research paper). Each was to use a consistent framework for collecting and presenting data;
this framework, in the form of a “Case Study Checklist”-a research questionnaire, was
prepared by the authors. This approach, referred to sometimes as a “structured thesis,” has
been used successfully at MIT for many years. It leaves the student important latitude to
identify important issues not in the guiding structure, and the opportunity to reach
independent conclusions while still contributing to a unified research structure. This construct



intended to benefit from the maturity and experience of senior students who were already
familiar with defense processes and systems.

This planned student involvement approach was implemented with partial success in this
project. Research for one-third of the cases was carried out by students who matched the a
priori experience and background assumptions. Two of these students used their research on
this project as the basis of Masters theses which they wrote during their graduate study at the
Naval Postgraduate School, under collaborative arrangements with Postgraduate School
faculty developed by the authors. Research on another third of the cases was carried out by
graduate students at the University of Alabama in Huntsville who did not have previous
knowledge of defense processes and systems. One of the authors attempted to compensate for
this lack of background by providing a series of tutorial sessions on the defense acquisition
process and organizational relationships during the course of their work. Also, one of these
students researched three cases, over a two year period, and was able to use the acquisition
process experience he gained in developing the first case to advantage on the latter two cases.
The final third of the cases were researched by Professor Dan Sherman, of the University of
Alabama in Huntsville faculty; Dr. Sherman was knowledgeable of Army acquisition
processes and organizations from his prior research experience. Project resources originally
earmarked to support collaboration with faculty at a larger number of educational institutions
were reallocated to fund Dr. Sherman’s involvement.

In short, it proved more difficult than anticipated to find Army military or civilian students
enrolled in programs which required a research project, who could be interested, on a
voluntary basis, in participating in this effort. As a result, all 15 cases were researched by
individuals with ties of one sort or another to Huntsville, Alabama organizations, and (as will
be discussed) their choice of systems to research resulted in somewhat greater coverage of
missiles and aviation related systems.

Each individual researching a system (case) carried out interviews using the structured
questionnaire with key participants from the government and contractor project management
teams which had been responsible for developing, producing and fielding that system. The
researcher was then responsible to synthesize two products, which he provided to the authors.
The first product was an “integrated” questionnaire that documented his view of the most
accurate answers to the questions, based on the more detailed interviews he had conducted,
and giving appropriate weight to the interviewee best situated to know “truth” in a particular
case. For example, in the event of disagreement in the individual responses to questions about
the functioning of the contractor’s design teams, researchers were instructed to give greater
weight to the views of the contractor program manager. The results of analysis of these
answers across the systems studied appear in this volume (Volume I) of the report.

The second product was a system case study, documenting in narrative form his insights on
the key issues discussed during the interviews. At a minimum, he was asked to discuss the
issues dealt with in the research questionnaire, but was encouraged to examine other issues in
which he had particular interest, or which had been raised by the interview subjects.
Development of this series of system case studies was intended to significantly increase the
number available for use by defense acquisition students and educators. For several systems

— A
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(FOG-M, MLRS, PATRIOT ), these new case studies explored issues that were substantially
different from those contained in prior cases on the same systems, deepening the documentary
coverage for that particular system. The system case studies appear in Volume II of the
report.

Question System | Technology Questionnaire
Outcomes? X X 01-010
Production readiness? X Page 1, T3,H6, B4-B6, B8
Technology readiness? X X Page 1, T5-T7
Importance of X Page 1; T4
technology to prime?
Familiarity of prime X Page 1; T2,T3
with technology?
Role of gov’'t S&T X X T8&-TI10, B11
organization? Page |
Role of S&T X X Page 1
organization that T8-T10
developed technology?
Timeline? X Page |
Difficulties in X T3, H3, B1, B4-B8
integrating technology?
User support? (or role of X D18, F5-F6,W3-W5
user?)
Key Issue for PM? X 12
Timely problem X Di2,D16,D19
disclosure?
Requirements stability? X F7,W6,B13
Test approach used? X X V1-VI15
IPT approach used? X H2,H4-H5, D7, D9, D1, D13,
D14, D16, D19, F4
Proper staffing of IPT? X H3, D3-D6,D8, D10
Design to manufacturing X X F1-F3, F10-F13, W1-W2,
linkage? W16-W18
Funding stability? X H1,Dl11, B2
Design to supplier X X F20-F23, W26-W28, B10
linkage?

Table 2.1 — Research questions examined

As was previously noted, use of a research questionnaire (a “Case Study Checklist™) to
guide the interviews was a critical aspect of the research methodology. This questionnaire was
designed by the authors to provide coverage of a number of development process,
organizational relationship, critical technology maturity and other issues that either the
authors’ prior experience or the management literature suggested might be relevant to



determining the relative success of projects. A portion of the questionnaire consisted of
questions that were in common with a research instrument successfully used by one of the
authors in a prior study of aerospace research projects. The draft questionnaire was tested by
four former Army system project managers (whose former system responsibilities were not
included in the systems chosen for this research project). Their responses provided valuable
suggestions for clarifying the wording of a few of the questions, which was done in the final
version, and they found that completing the questionnaire could be done in about 30 to 45
minutes. The final questionnaire is provided as an APPENDIX, and has been modified by
inserting the responses to the questions. Table 2.1 contains a listing of research questions
incorporated into the questionnaire. This list includes whether the question applies at the
technology or system level because in addition to questions about the system as a whole, a set
of questions focused on the component systems and technologies.

Systems Studied

As was earlier noted, the common feature of the system developments studied in this
research is that each system first was employed in a significant way on the battlefield in
Desert Storm. That, in turn, meant that for the most part development began on these systems
during the 1980s. It was the intent that the systems studied include examples from the broad
array of military systems for which the (original) research sponsor- The Army Materiel
Command (AMC)-had responsibility. To achieve that intent, the following process was used
to develop a list of candidate systems from which the researchers could select systems to
study:

1. Each Director of an AMC Research, Development and Engineering Center was asked to
nominate candidate systems from his commodity area (e.g. missiles, aviation,
communications) that met the criterion of having first been successfully used in a significant
way in Desert Storm. Each Director was also encouraged to discuss this question with project
managers that his organization supported, and include their input. Each was further asked to
nominate any systems which, in their judgment, would have been militarily useful in Desert
Storm, but had failed to complete development. (Note: this process resulted in relatively few
such failures being identified.)

2. The list of candidate systems that resulted was discussed with the AMC Deputy
Commander (who was a veteran of Desert Storm) and his civilian Senior Executive Service
deputy. Together they divided the approximately 40 candidate systems into two groups,
reflecting priority for research attention. The systems studied in this project were taken from
the first priority group.

3. As students were recruited to participate in developing case studies, they were initially
allowed to choose systems on a “first come, first served” basis. Presumably because the
students were affiliated with Huntsville, Alabama organizations, this approach resulted in
essentially complete coverage of the missiles and aviation-related systems. In order to
broaden the coverage, Dr. Sherman was requested to select one of the failure-to-complete-
development systems and two systems that were neither missiles nor aviation-related.
Because of the missile and aviation selections of the early participants, later participants were
also encouraged to select systems that broadened the coverage of the AMC commodity line.
Table 2.2 summarizes the systems that were selected for study in this research project.

g & ms =n



System Researcher Commodity category
APACHE attack helicopter Ference Aviation
TADS/PNVS (target acquisition and Oelrich Aviation
designation/pilot’s night vision systems)
MLRS rocket system Sherman Missiles
ATACMS missile system Romanczuk Missiles
M40 chemical protective mask Ruocco Soldier support
Dismounted microclimate cooler Ruocco Soldier support
Note: Did not enter production
Mounted microclimate cooler Ruocco Soldier support
M829-A1 armor-piercing kinetic energy Mitchell Ammunition
tank ammunition
FOG-M (fiber optic guided missile) Sherman Missiles
Note: Did not enter production
TOW-2A (Tube-launched missile) Vessels Missiles
AN/TAS 4 infrared night sight Granone Target acquisition
Joint Stars Ground Station Sherman Intelligence
Guardrail common sensor Sherman Intelligence
PAC-2 (PATRIOT anti-missile system) Sherman Missiles
HELLFIRE missile system Johansen Missiles

Table 2.2 — Systems studied




3. GENERAL FINDINGS

Systems characteristics

As noted in the INTRODUCTION, an effort was made to include in this study a range of
technologies and systems that broadly represented the variety found in the Army Materiel
Command-supported portfolio of systems. The list included better-known systems such as the
Apache helicopter, the Patriot PAC2 defensive missile system, and the M829 Al sabot tank
round (the “silver bullet”). It also included systems that are largely unknown: The M40 gas
mask, a personal vest cooling system, and GUARDRAIL Common Sensor. As was described
earlier, care was taken to include systems that were never produced (“failures”) such as the
FOG-M; systems that encountered serious development problems, delays and cost over-runs;
systems that once produced and deployed to the Iraqi theater were found to have operational
problems; as well as uniformly successful systems. The goal was to provide a varied cross-
section of Army systems developed in the 1980s that included a range of military functions,
development processes and types of outcomes that would serve as an empirical base roughly
representative of US Army systems of that era. For the reasons which have been noted,
missile and aviation-related systems make up about half of the study sample.

Table 3.1 on the next page provides a list of the 15 projects, their development start dates,
the maturity of the technology incorporated when development began using the Technology
Readiness Level scale, and the duration of the development phase for each project. It might
be noted that in some instances a system is built on an earlier system development attempt
which failed to reach operational use, and start dates are difficult to define. When the
respondents were unsure of the specific month in which development began, a mid-year start
was assumed. This uncertainty is identified in Table 3.1 by use of an approximate (~) sign.
Projects with a broad or multiple purposes sometimes had mixed success, as represented by
the case included on micro-cooling vests which is treated as two projects: a successful project
for a vehicle mounted system, and a failed project for dismounted use.

The development durations for the systems studied range from two years to nine years.
Half the cases took three years or less and half required four years or more. (The median
duration was 37 months.) It is interesting that those cases which had shorter development
durations did not necessarily have higher levels of system technology maturity at the start of
the development phase. For example, both the Joint Stars Ground Station and the
GUARDRAIL Common Sensor had Technology Readiness Levels of 7 at the start of
development, yet one took over four times as long to complete development. Note also that
the three systems with the lowest Technology Readiness Levels all had relatively short
development durations. Chapter 4 will provide a more quantitative discussion of the impact
of technology maturity on project outcome variables.

10



S Development TRL¥* at start of Development
ystem A
start development duration (months)

APACHE attack helicopter 1973 5 108
TADS/PNVS (target acquisition
and designation/pilot’s night vision 977 3 ~36
systems)
MLRS rocket system 1977 4 38
ATACMS missile system 1986 4 37
M40 chemical protective mask 1983 7 ~48
Dismounted microclimate cooler Not Applicable; | Not applicable; | Not applicable;
Note: Did not enter production Did not enter development development

development. not completed. | not completed.
Mounted microclimate cooler 1982 3 ~24
M829-A1 armor—piercing kinetic 1985 5 ~36
energy tank ammunition
FOG-M (fiber optic guided missile) Not applicable;
Note: Did not enter production 1988 7 cancelled prior

to completing
development

TOW-2A (Tube-launched missile) 1980 6 48
AN/TAS 4 infrared night sight 1979 3 ~24
Joint Stars Ground Station 1984 7 105
Guardrail common sensor 1984 7 ~24
system)
HELLFIRE missile system 1973 6 ~84

*Note: TRL means Technology Readiness Level (scale 1 to 9); see APPENDIX

Table 3.1 — Selected characteristics

Role of Science and Technology Organizations

The system acquisitions which are the central topic of this research encompass a set of
organizational relationships which, while different in detail, are consistent in broad terms.
For each of the systems, there is typically a defense contractor responsible for the design,
development and production of the system; and the government “customer” made up by three
potentially relevant subgroups within the government customer community. For these Army

systems these were:

a. An Army Project Office responsible for managing the contract between the

government and the contractor (often identified by the contractor as the “customer”)

11



b. The *“user” typically represented by the Training and Doctrine Command
(TRADOC) provides clarifying input on operator interface issues to support design
and development. TRADOC is the advocate for the importance of the requirement that
the system is intended to fulfill (which may be vital in keeping system funding
adequate).

c. The S&T organization (typically an Army laboratory or research, development and
engineering center). This organization:

1. May have been the developer of technologies being used in the system
development,

2. May have provided personnel to the system Project Office specifically to help
effect transfer of those technologies, and/or

3. May be involved in simulation, testing or other activities supporting the system
development.

Table 3.2 documents the extent of involvement of Army laboratories and research,
development and engineering centers in the acquisition of the fifteen systems studied. In most
of the cases an Army laboratory or research, development and engineering center had a
leadership role in the technology and system concept development work carried out prior to
the initial recognition of its potential as a system. PAC-2 and Joint Stars Ground Station are
exceptions, with the prime contractor responsible for leadership during that phase. This prime
contractor role for PAC-2 is consistent with the PATRIOT strategy of funding research at the
prime contractor to support a continued series of block improvements as the threat (i.e. system
requirements) changed. Similarly, the prime contractor and major supplier co-leadership roles
identified for Joint Stars during this phase are consistent with the restructuring of the program
to an Army/Air Force joint program that occurred.

During the period between initial recognition of system potential and start of system
development, the laboratory/center role is more varied. In eleven cases a leadership role
continued, which was usually shared with the system Project Office. In the remaining four
cases the Army laboratory or center provided active support during this phase.

Once systems development started, the laboratory or center typically provided active
support in requirements interpretation, system engineering, simulation or testing.

Note that the Army laboratory or center was as likely to be actively involved in those
systems that did not make it to production as in those that did, or in those that had relatively
short development durations, as those that took longer to complete development. Perhaps the
most interesting thing which these data show is the extent to which the Army laboratories and
centers are involved with the systems acquisition process; this is consistent with previous
studies that have highlighted the criticality of the support to the systems acquisition process
role for these organizations.
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System Pre-system Pre-development | Army lab/center Development
concept involverment contributions to involvement
involvement Army lab/center | maturity of key Army lab/center.
Army lab/center technologies at start

of development

APACHE attack helicopter lead/co-lead lead/co-lead 20f3 active

TADS/PNVS (target lead/co-lead active 3of3 active

acquisition and

designation/pilot’s night

vision systems)

MLRS rocket system lead/co-lcad active Jof3 active

ATACMS missilc system lead/co-lead lead/co-lead 20f3 less than active

(with DARPA)
M40 chemical protective Icad/co-lcad lead/co-lead 30f3 lead/co-lead

mask

Dismounted microclimate
cooler

lead/co-Icad

lead/co-lead

Not applicable
(did not enter full

not applicablc
(did not enter

Note: Did not enter development) full
production development)
Mounted microclimate coolcr | lead/co-lead lead/co-lead 3of 3 lead/co-lead
M829-A1 armor-piercing Icad/co-lead lead/co-lead 3of - active
kinetic energy tank

ammunition

FOG-M (fiber optic guided lead/co-lead lead/co-lead 3of3 active
missilc)

Note: Did not enter

production

TOW-2A (Tube-launched lead/co-lead lead/co-lead 30f3 active
missilc)

AN/TAS 4 infrared night lead/co-lead lead/co-lead 1of2 active

sight

Joint Stars Ground Station active active 1of3 active
Guardrail common sensor lead/co-lead lead/co-lead 0of3 lecad/co-lead
PAC-2 (PATRIOT anti- active active 20f 3 active
missile system)

HELLFIRE missilc system lcad/co-lcad lead/co-lead 1 of3 active

Table 3.2 — Army lab/center involvement in systems acquisition

Project Manager’s Most Difficult Problem

_During the development of the research questionnaire used in this project, discussions
were held with staff members of the Defense Systems Management College (an element of
the Defense Acquisition University). Following these discussions, question 12 - “What was
the most difficult problem the Project Manager faced, how was the problem dealt with, and
what was the impact of the problem on the project outcome?’- was added to the
questionnaire. This question was intended to obtain responses on a topic of particular interest
to the College, and by so doing make the case studies resulting from this project potentially of
greater usefulness to the College for acquisition education purposes.
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The replies obtained to this question in the interviews are summarized in Table 3.3. All 15
cases studied are included, including the two failure-to-reach-production cases (FOG-M and
Dismounted Microclimate Cooler). It is interesting to note that lack of sustained user support
for the requirement which the system was intended to satisfy was mentioned as the most
difficult problem for the two failures, but user-related issues were not identified for any of the

successful development cases.

Case Most Difficult Problem Solution/Impact
APACHE Control of production Use of Army and DOD *“pressure” on
costs/influenced by integration plant | contractor to influence
location choices , decisions/minimized impact
TOW 2A Stability of armor threat requirements | Flexible systems engineering process
that accommodated
changes/minimized impact
GUARDRAIL Complexity of integration of mission | Use of “integrated product team”

Common Sensor

equipment

approach/minimized impact

FOG-M

Lack of sustained user support

Program could not survive
development cost growth

Joint Stars Cost and schedule growth/delivering | Additional funding and time required
Ground Station | complex software

TADS/PNVS Cost growth in development Additional funding obtained

M40 Mask Immaturity of critical technologies Design modified to accommodate

more mature technologies

M829A1 Round

Achieving needed innovation in the
system design

Design iterations employed

PAC-2 Early fielding to meet SCUD missile | Rapid changes in software were
threat made
Dismounted Lack of stable user requirements due | Development program not supported

microclimate
cooler

to immaturity of technology

Night Sight Selection of unqualified vendor and Vendor replaced and single PMO
split management responsibility given full responsibility
Mounted Key vendor failed to support RDEC used to provide expedited

microclimate
cooler

integration schedule

integration of initial units

HELLFIRE Adversarial relationship between key | Army PMO staff helped to facilitate
vendor and prime needed communications/impact
minimized
ATACMS Key vendor went out of business Replacement vendor selected and
was intensively managed by on-site
senior prime contractor manager
MLRS Establishing and managing four Significant invol vement of program

nation cooperative development
_program

leadership minimized impact

Table 3.3 - Project Manager's “Most Difficult Problem”
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Various types of problems with vendors were identified in four of the cases, while other
difficult problems encountered ranged from cost growth and schedule delays to threat
requirements instability to the complexity of defining and implementing a multi-national
development program. It is clear from this set of data that successful development and
production can occur in spite of the need to deal with delays in reaching production,
development cost increases, complex management arrangements and the like.

QOutcomes

The heart of any systematic study is the definition of a common outcome measure which
allows comparison. Detailed information about costs and performance can be difficult to
obtain and rarely leads to comparable measures, for example the problem of measuring a gas
mask’s performance with that of a missile. The obvious path was to compare the projects and
systems based on their performance relative to their agreed upon goals and requirements.
Each project had a budget, a systems procurement cost goal, a set of technical requirements,
and completion dates. In addition, three questions of performance are immediately observable
and easily remembered by project managers: Did the system go into production? Once
production was started were problems found that required that further engineering changes be
made? And did the system perform well in its use in Desert Storm? Structured questions
were also used to ask the key government and industry interviewees about how well their
projects performed in areas such as was the project completed on time, on budget and did it
meet its technical requirements. The range of answers provided characterized how badly the
projects had missed meeting their objectives, if they had not been completely successful.

This study design and the nature of these outcomes facilitated the analysis of “relative
success,” but can say little about complete failure. If a system did not meet the important
objective of being put into production, most of the other outcomes either never occurred or
cannot be judged. Difficulty in meeting technical requirements may have caused delays and
cost over-runs, but if the project was cancelled, then it is hard to say what technical
performance would have been, when it would have been completed and other outcomes, had
it been continued. The fact that only two failed projects were included in the study means that
there is a poor statistical base for comparing success and failure to reach production; insights
on that question must rely on a qualitative reading of the case studies. Most of the analysis
reported in this report uses the outcome data on the remaining 13 cases to isolate the factors
that are related with how well the systems acquisition process went for projects that went into
production and eventually the field.

The following several figures depict the results of these outcome assessments:
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Figure 3. 1 — System development cost outcomes (O8)
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Figure 3. 2 — System unit cost outcome (O7)
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Figure 3.3 — System technical performance outcome (O9)
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Figure 3.4 — Operational performance (O10)
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Figure 3.5 — Delay in transitioning to production (O5)
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